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SYSTEM AND METHOD FOR SENSING DATA STORED m A RESISTIVE 
MEMORY ELEMENT USING ONE BIT OF A DIGITAL COUNT 



TECHNICAL FIELD . 
5 The present invention relates generdly to integrrted cucmts, and more 

^ificaUy to sensing data stored in an integrated circuit memory device. 

BACKGROUND OF THE INVENTION 

Computer systems. vid«. games, electronic appliances, digital cameras, and 
other elect^nic devices hKlude memory for storing dt^ related to the use tutd 
10 o^onofthedevice. A vaHety of different memory types are u«li^ .^de.^ 
1 as read ody memory (ROM), dynamic random access memory (DRAM). s«. 
^aom access memory (SRAM), flash memory (FLASH), and mas. storage sue as h^ 

disks and CD-ROM or CD-RW drives. Bach memory type has charactertsttcs that beUer 
disks ano I, ^ ^ ^ 

suit that type to particular apphcations. For example, ukao. ™ am i, 

,5 nonetheless utihzed as system memory in most computer systems because DRAM « 
i^ve and provides high density storage, dtus allowing large amounts of da^ . be 
stored ,.U.iv.ly cheaply. A memory char«.eris«c that often times determm« whether a 
eiventypeofmemory is suitable for.given application isflievoUtilenamreofthestorage. 

Both DRAM and SRAM are voI«Ue forms of data storage, which means the memones 
20 reouire power to retain the stored dat. I. contrast, mass storage devices such as hard d«ks 
2 CD drives are nonvoUtile storage device, meaning the devices retain data even when 

nower is removed. , . . t ^ 

Current mass storage devices are relatively inexpensive and htgh density, 

providing reliable long term data st^age relatively cheap. Such -"•""^ "^ 
25 however, physically large and cont»« .um«ous moving parts, which reduces the re *.hty 
of «!. devices. Mor«>ver, »cistmg mass storage deuces are restively slow, whtch slows 
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device. AS a r«u., 0«>e, technologies are being developed .o prov.de long ^ 
n„nvoU.i.e da. -rage, and. ideally, such teleologies would also be fas. and o 
eno„ghforusei„sys«mn.e.noryaswel.. The use of FLASH, which prov,des„o„vo^ 
5 .ora., is increasing popular in n,an, elec«onic devices such as digital can.«as. 

FLASH provides nonvolatile storage, FLASH is too slow for use as system memory and the 
use of FLASH for mass storage is impractical, due in part to the duration for whrch the 
PLASH can «Uably store data as well as limits on the number of times data can be wrrtten 

to and read from FLASH. ^ , • 

Due to fte nanue of existing memory technologies, new technolo^es are 
being developed to provide high density, high spe«l. long term nonvolati.. data storage, 
one such technology t^t offers promise for both long term masa storage and system 
memory applications is Magneto-Resistive or Ma^eUc Random Access 
(MRAM). Figure 1 is a functional diagram showing a portion of a ccnventronal MIU^M 
15 array 100 including a pluraUty of memory cells .02 arranged in rows and columns, ^h 
memory cell .02 is illustrated functionally as a resistor since th. memory eeU has erth r a 
fi^„„secondresis.ancedependingonama^eticdipo.eorient.tionofmeeeU.asw^^ 

e^lained in more detail below. Each memory ceU .02 in a respective row is coupW to a 
correspondingwordlinem^andeachm^noryceUinarespectivecolumniscoupl^^^^^ 
,0 corre^ndingbi.«neBLh.Figure.,ti»wo.dUnesaredesi^tedWL..andti.eb. 

.iues Tesi^ated BL.A and may hereafter be ref^ «> «sU.S cither tirese s^fic 
designaUonsor generally as wotd lines WLa.dbi.h.csBLE.chof.h.memo^cens.02 

stores information ma^cticaUy in the fom, of an ori«.t.tion of a magnetic dtpole of 
material forming the memory ceU, with a first orienUtion of tire magnetic dtpole 
25 c„rresponding.oalogic-."and.s«ondoaentationof.hemagneticdipole — 
to a logic "0." -n« orientation of the ma^etie dipole of each memory cell .02. m tmn. 
determines a resistance of the ceU. Accordi^V. each mem«y ceU .02 ^ a to. 
^stance when the magnetic dipole has the first ori«...tion and a ..«»«. rcststimce when 
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.he magnetic dipo.e has «,e second ori«,Utioa By sensing U,e «sis.anc of each memo^ 
!i;Xu.coHl«onof*en,a^=.icaipo.eand«.e,ehyU«.osios«eof«,.daUs.«d 

in the memory cell 102 can be detemiined. 

TO »ri.e daia «, a selected memory cell 102. a row current IROW .s apphed 
5 tothewordlineWLcot^ledtothecellandacolumncurremlCOLisappliedtothebith^ 

BL coupled to the cel.. The row current mOW and column current ICOL senera^ 
^ve magnetic fields. wiU, only the select^ memory c.,1 102 being subject^to boO, 
«,e magnetic field generated by the row current and the ma^etic field generated by the 
col^m current. Tl» combination of these magnefic fields applied to the selected memory 
10 cell 102 sets the orientation of the magnefic dipole and thereby the resistance of the cell, 
whichwritesadatabitcorrespondingtoeitheralogiclorOintothecell. 

TO read data ftom the MRAM array 100. the resistance of a selected 
memory cell 102 must be sensed. In one method of seeing the resistance of a 
memory cell 102. a reference voltage VA is applied to the word line WL c^up ed « 
,5 cell andaUotherwordlinesandunseleCedbitlinesBLarecoupledtoground. F.gure IB 
U a schematic illustrating ^ equivalent circuit of ti.e MRAM array 100 when the memoo- 
cell ,02 coupled to the word tine WU and bit line BU is selected. In tins sttuation^ ti.e 
reference voltage VA is applied to the selected word hne WU. and all otiter word hues 
WLl WL3«.dunsel.ct«ibitlinesBU.BL2.BUarecoupled.oground. Tlte reststance 
20 0, thl selected memory ceU 102 is represented by tit. resistance RSC. which is «>up^ 
between word line WUandbit hne BL3. AU un.el«=ted memory cells 102 coupled to tite 
selected bit Une BL3 are coupled betwe«. tite bit line BU and Ute unselected word hnes 
WLl WU. which are coupled to ground, and titese unselected memory cells coUectivdy 
forma-sneak" resistance RSN. All otircr unselected memory cells 102 intite array 100 do 
25 not affect tite e,uivale.« circuit since boti, ends of these memory cells are coupled to 
g„„nd via tit. unselect^l word lines WLl. WU, and bit lines BLl. BU. and BU. as wtU 
be appreciated by those skilled in the art. 
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^ ^.e «. applied reference vC.ge VA, a read ^J^^^ 
. presented by tt.e selected memory cell 102 arri teough fte 

«,eak resistanee RSN to ground. Tta onrrent IK g 

.,eeted.tlineBU,«ltHt.emag..»deof..sv.^..^--^J^^ 
. ora-ere^taneeKSCof^e..^^^^^^^ 
larger value, the sense voltage SV on the 

selected memory cell 102. „™,mv cell 102 to read 

In theory sensing the refflstance value of a selected memory cell 
" . ■„ the cell is simple as jus. described, to practic however, 

logic s... of da. s^red tn *e c.l .s stmp ^ ^ „f 

sensing is difficul. due, m par., to the relattv y 

1, 1 (W hetween logic states. For example, m a OT'oal MKAta an.,, 
the memory cell 102 be^ve« lo^ ^^^^^ ^ ^ 

n,emorycein02hasarests.anceofabo«.lMegao , ^^^^.^ 

f .i,™,t 1 1 Meeaohms when the ceU stores a logic «. 
15 areststanceofaboutUMega ^ „,„ a logic 'X)" is thus oriy 

^ce of the selected memory ceU 102 b«we» a log. 

• t»u, 1 no/„ As a result, the sense voltage b v aevcwy 
about 100 KO or approximately lO/o. As a re . 

Mt Une BU varies by this same amount, makmg U difficult to re^Y 
voltage anddeterminewhetheraselectedmemory 0011102 stores^ 

20 appreciated by those skilled in the art. ^rin^ an existing type of read 

Figure 2 is a functional block diagram Illustrating an existmgt^ 

102 discussed witti reference to Mgur ,„„ sv as an inpu. to tt« read circui. 

25 oircui.ofFigure.Bisshown.ap.ovidmgsense2;^-.^^^^^^^ 

,00. ^----t"rPcTr:Xatuencyofpulses.a.isa 

^ g-ra.es a pulse Coclcmg '■^^^J^^^^o.^.^^.pCUCsig.^.and 
ftoctionofftevalueofthe sense volu^eSV. Acouma 
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^ a ^ count SCNT «sponsive .0 «oh pulse of «,e PCUC sigual. Tho cou^t. 
^t^.««sa.o<^...-.oaw.cMa..es.eSa.cou„.^^^^^^ 

, oftR The reference counter 205 is ciociteu 

Utch count signal LC from a reference counter 208. ihe reiere 

5 Llinod value, which occu^aa. a p—ea number o, cyo.es om^^^^ 

r fl,e LC signal «, latoh the SCOT every T seconds. The counter 204 resets the 
.ot.va.es the IT stgual .0 ^ ^ 

SCOT count responstve to the stgnd gomg ^ 
latched SCOT from the latch 206 to a reference count RCOT ana gene 

latched The RCOT count has a value corresponding to a threshold 

10 responsive .0 this companson. H« RCOT count gcOT is greater than 

vdue for the resistance of the selected memory cell 102. When the ^ ^ 
^ RCOT count, the comparator 2.0 drives the data signal D hrgh, ar. when the SCOT 
oountislessthantheRCOTcountthecomparatordrivesthedatasignallow. 

in operaaon. the resistance RSC corresponding to the selected memory «U 

.5 ,02 and the sneak resistance RSN «»m a voltage divider, anddevelop the sense voha^SV 
" rse.ec.edhitHneBUinresponseto.KevoltageVAa.h.dto.eseleotedw^^ 
WU The sense anrpUfier 202 generates the PCUC signal havhtg a ftequency dete^med 
value of the s«.se voyage SV. When the sense vottage SV a «rs. val. 
^rlpondhtg to a .g^c state, the PCUC si^ has a first ntnnher of pu^.« 
20 given time period, and when the sense voltage has a second value correspondmg to to. 
20 grventmtep , ^^^^^l^^s,.i^m. 

complementary logic state, the PCLK. signal n« , , 

3 hntiany, the SCOT count generated by the counter 204 the internal count ome 

Heounl^^-esC^OandtheU: signal generated hythereferencecoun^^ 

^ve ,nresponse.oeaohpu.seof«.ePCUCsig„a.,theco„nter 204 ,ncreme^,.s*e 

. « reference counter 208 increments the interna, count 
25 SCOT count, and at the same tone the reference counter i 

in response to each rising-edge of the CUC signa.. 

The counter 204 continues incrementing the SCOT count » response to 

pulses of the PCUC signal. Beo»«e the PCUC signal has a « determined hy the 
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, of sen« volUge SV which, in ,um, is d^ermined by the r«isU«e of U.e selected 
lirlsCNTcou.tisincre.en.edatara.edc— hya.e,esisunc.0f 

rrll^l ..esa.e«n....ete.tcnceconntet.OS« .he 
!l™r.trespoLeto.heCl^si^.Thecount«sm20Scon,..e— 

internal count r p the PCLK and CLK signals until the internal count 

thPir resoective counts in response to the PCLK. ana B" 

5 their respecuve I. ^.*.^;„«i value The reference counter 

hv the reference counter equals a predetermined value, 
generated by the reterenc ^^^^ 
208 increments the internal count once each cycle of the CLK signal, and 
It equals a predetermined value after a predetermined number of cycles of th COC 
count equals a prea . ^ Once the internal count of the reference 

signal which occurs after a predetemuned time T. Once the intern 

in t208equalsthepred.terminedvalue.thecounteractivatesm^ 

10 counter 208 equals me preoe 

i.t.h 206 to store the SCOT count at this pomt. The rate at wmcn m 

PCLK signal which, in turn, depends on the value of the sense voltage a 
e^Tincten.»tstheSa.co..ttespo..ive.o.hePCr.Ksi^for.het^^^^ 

1 5 point the vaiue or the SCNT count is ^ by the ..ch 206 and ptovtded to the 

comparator 210. ^ , . orNT count to the reference 

The comparator 210 compares the latched SCOT count U) tn 

count RCOT ^ drives the signal D either hi^ or .o« depending on this c«np.r«on. 
rirled SCOT count has a value that is less than the RCOT CO.U. the s». 

20 XsVandthustheresistanceRSCofthesele^edmemorycelimcorre^nd^^^ 
rrg,Leand.hecompar^r210drivcs.heda.asign.lD.ow,indica.mg,heselec.«, 
Itc r orcs,he«rs.lo.cs.a.e. h. contrast, ^en the ,a.ch«. SCOT count . g«^ 
RCOT count, the sense volUge and resistance KSC of the selected men».y ceU 
r .0 the complementary logic stat. and the «»par..or 2.0 drives^^ 

. .S^o4.icaang.hese.ec.edmemo.yce.ls.or..e«m.^^^ 
In the read circuit 200. the digital comils SCOT and RCN i ar 

ultimately determine m. logic sUt. of data stored in . sel«=.ed memory cel. 102. M a 
the SCOT count must include enough bits and must be incren^-ed a, a s»ffic.«.t 



7 



• . PCLK signal .0 ensure the generated RCNT has the desired 
"^"'1 ; wiof«>ese.ec.edn,«.or,ce,n0..o.ereua..yse„sed..s 
station U, e.«ble ti.e iog,c ^ o ^^^.^ ^ 

wm .e understood by .hose s^^^ ^ ^ M ^ ^ 

"--"^-''"'"''tlSlS.t.VL.-- .addi«o...hd,eread 
' ^-"Trjr^'-oCZ.oa.ve.o.cs^n.yvarya^^^ 

T V IC^Xrc .) due .0 variadons in elecrica. eharacteristtes among .he eel. 
„ ,he array 100 (Figure 1) ^^^^ 

^ting fton. .he physic. — « „„,,,a.es 

l~lveaeserip.ion.<».^onMK^ 
,0 ore oirc^try of O-e read one.. ^ ^ ^ „f 

.echnology, fte concepte and pnnciples are equauy pp 

"'^irisane.forasi„.a«edn.e.hodands..en.rorsensingd.eresi^^ 
va.„e<.fresistiven.emoryceUss»ehasMRAMee«s.reUab.yreaddaUfto«.heoe.>s. 

"^°ir~:ee.o..epresen.in.en«o.a»ed.o,sen.ng^ 
^^irraselectedresisUvememoryce,, includes ge„era.inga«rs.co«n.repres»^^ 
le state of an unk^™ initial bi. stored in d,e selected memory cell. A second 

.«i «Kl r««sen.s a data bit having a first known logic state stored m the 
count .sgene«ted »d«^^ ^^ ^^^^,^^„^^_„, 

It Ired in the selected nren-ory cel. is t,»n detemtined ^ the first, second, and 
third counts. 

BRIEF DESCRffTION OF THE DRAWINGS 

PigurelAisafintefionaldia^sho^gaportionotaconvenUonal 

MRAMa,r.,i.K.uding.p«.yofmemoryce,lsar.angedi«ro«s«,dcl.nnns. 
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,B is a sohemaa 0 iUustrating *e equivalent circuit for d>e MRAM 
,„,,„fFigorelAwhe..p^cul3rn,e™ryceiUssciccteddunngareadopera.o„. 

Figure 2 is a functional block diagram illustraHng a known We of read 
,.„„„rsensi„g4eresis.a.ceva.ues«.*erebyreadingda.fto.na.en.en.orvce..^ 

; H th.rebv reading data from the memory cells in the MRAM array 
the resistance values and thereby reaomg aaui u 
ofFigurel acco,ding«,oneembodi««ntofU»presentinve„tio. 

Figure 4 is nowchart iUusttating to overall process exec„«d by to read 
.0 ^ni. of Fi^^^^^^ ^ ^ ^^^^ ^ ^ ^ ^ 

"'""""''''"FiU 6 is a ^n-caona. block dia^ of a conrputer s..e.n including 
computer circuitry containing the MRAM of Figure 5. 

15 DETAILED DESCRIPTION OF THE INVEOTION 

Figure 3 is a teUonal block diagram illustrating a r.»l crrcm. 300 tW 

generates a sense count SCNT having . most sig^acant bit ^B, " 
Lc state of to data stored in a sdeced memory cdl 102 m to MRAM array 100 of 
logic state of the aa „tfl„ -resent invention. In contrast to to pnor 

^'"^ ■ 7T:ZTTr.^ >^ N« cur. so. th. must .en . 
::it:l-t:;erenceltRC>.todet^eto.o.cs^ofto^^ 

3 in a selected memory ce« 102. to read c« 300 generics smgle K-b.t ^ 
having a single MSB bit indicating to lo^c state of dau stored m to seleoed 

1~ as Jbee^lainedinmoredetaabe.w. Byehmht-U^toneedtou . 
25 ZLc^coun.RCNrandto.eedtocomparetwoN*ttcou«ts.tod.Uc.rcu..3W 
ri^Hsimplifl^i ..^reliable circuit for reading daufiom MRAM m«noryceUs^ in 
provides a simpiinea mlerstandmg 
to foUowing description, certam details are set forth to provio 
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■ However i. will be clear to one skilled in *e «t fl«t ft. present 

of ft. present mvenUon. However. .. ^^^ ^ 

— ----'^'^'rtCir r .esoribea ,n .et.1 to avoid 
oircuits and fteir operation have not been shown 

necessarily obscnringftepresait invention. ji^^^wiftrefere^^ 

"'---"^•r^rnrftiCiuircuitofPi^ 

,B is Shown as providing fte -^J^l^^^l^J^,,,^^,,, .d generates an 

ivc^^ mo rpreives the sense voltage b v irom mc aci^ 
^.phfier 302 r.e«v« ft ^^^^ 

^ clocking signal UCUC »d a 

volUge. The sense ampl.fi« 302 p»ls« eithe ^ ^ 

^Uoo<. W When the sense voltage bV nas a vdiuc b» 
a,e value of ft. sense voltage SV. Wh ^ 

teeshold voltage, ft. sense ampUfier 302 pulses ft 

i,„, k l«s ftan fte ftreshold voltage fte sense amphfier pulses tn 
fte sens, volhtge ts le^ ft^ ^ ^^^^^ .^^ EN 

signal. The sense amphiier 302 '^^ ^'^ „f Oie 

15 is active, and te.minat« generation of fte UCLK and U 

appUedsensevoltageSVwhenl^^ablesignalisinacUve. 

The value offte sense volugeSVv^ies around fte threshold voltag 

• „„ fte bit line BU and fte small magnitude of ft. sens, voltage, as wiU be 
i^er^lt no»e on ft. b« ta. BL ^ ^„ 

approiatrf by ftose stalled in ft. art ihus, f IICLK signal and fte 

20 UCIXDCUC Sign. puis, wift ft. nuftber of pulses o^e u^^^^^ 
r , ^ffhpnriK signal over a sensing tune T being detemuneu y 
— ""^''"^T: tC'^Isensevoltag.SVis^ftanfteftres^^^^ 

t 'TJfir3« gri .cue Signs, pulses and When ft^ 
the sense amphfier juz genci 

ft. ftreshold voltage ft. s»s. amplifier genera.. DCUC ^ 
as »bcdimentofFi^3.ft.resistanc.KSCofftesel.t«.memo..^^^^^^ 

a value of approximately 1 Megaohm when ft. . stor« a^ 
.pp,oximat.,l.lMegaohm,whe„ft.cens.««.o.caM^^^^^ 

SV has . larg« valu. when ft. s.leet«d memory cell 102 stores a logic 
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s.o,« a 0. Thus, when me selected memory cell 102 stores a logic 1 the sense 
an^Hfier 302 will generate more UCUC signal pulses than DCLK signal puls« o™ the 

sensing time T. . viAyi 

The UCUC DCLK signal pulses are appUed through a swtohmg crrcurt 304 
5 toclocka„dup/downc„».er306whiohg»era.esanN-bitse.seco...Sa^inrespo^ 
tothcappUedsi^pulses. The SCNT count ofthe colter 306 is iniHaaiy set to 

value IV. which is «.ereafter incremented in response to UCUC signal puUes apphed to an 
upinpu.UPofthecoun.er.,ndisdecrem.ntedinresponse.„DCUCsignalpuls«a^^^^ 

to a down input DN of the counter, as will he descrihed in more detatl elow. "nre 
,0 switching circuit 304 includes a plurality of transmission gates 308-314 co^,l»l as shown 
hetween the sense amplifier 302 and the up/down counter 30.. — ^ 
308-314 operate in response to a reverse signal REV ftom a control ctrcur. 31 *> etther 
^ply the UCUC and DCUC si^s to tl. UP ^ DN inputs, respectively, o^e »un^ 
to reverse the UCUC and DOX signals and apply the UCUC srgnal to th DN 
,5 inp^andflreDCLKsign^totheUPinpu.. «>e BBV signal is ^veM..*e 
^ion gates 3,2, 3.4 turn OFP a.^ *c transmission gates 3(«. 3,0 «n. OK 
appiying the UCUC signal to the UP input and the DCUC stgna, to the DN mput. 
ZU. of mc counter 30a. - «««as. when the RBV-signa, is ^ve^w. *e 

.^on gates 3083,0 tnm OFF ».i the t»smissio„ gates ,2, ,4 tj ON 
20 applying the UCUC signal .0 the DN input and the DCUC signai u. the UP mput. 

respectively, ofthe counter 306. 

to addition to the REV signal, .he control circuit 316 also generates a 
pluraBty of control signals 3,8 to control the logic state of data stored in the selec^ 
memory ceU 102 represented by the resistance RSC. as will he explained m rnore de^l 
25 below. Tire control circuit 3,6 dso generates a res« signal RST that is app^red to *e 
e„„nter306tosettheSCNTcoun.,o.heWti.va,ne,V.ndancm..esign.EN,s^^^^ 

to ftesenseampUfier 302 to enable operationof.hesens.ampUfier.Onesk.nedm*^^ 
„i„ understand circuitry fbr forming the sense amplifier 302. .r««mission gates 308-3,4. 
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ooun.« 306. and oon.ro. cteui. 316, and mus. for «,c ..ke of brevier, ftese comp«n»« 

will not be described in more detail. 

In operation, the read circuit 300 operates under control of the control orcmt 
3,6 to sense the logic state of daU stored in the selected memory cell 102 represented by 
5 .he resistance RSC, as will now be e^lain»l in more detail wi«. reference .o Figure 3 and 
me flowchar. of Figure 4, which illustrates the process executed by to. re»i circu,. 300 m 
.endng a« da« stor«l in the selected memory cell. 11.0 process begins in step 400 and 
immediately sttp 402, in which the con«ol circuit 316 ac«va.es the RST si^al to 
cause fte counter 306 te reset dr. SCNT count U, dte initial value IV. The initial value IV 
.0 is defined by the most signiiican, bit MSB of the SCNT count being a 1 and aU other b.U 
being a 0 For example, if the SCOT count is 10 bi.s, the initial value W equals 
-,000000000" witi. tire leftaost "1" being the MSB. Tire contiol circuit 3,6 also activates 
to EN signal te enable dre sense amplifier 302, and drives U,e REV si^l inactive hrgh 
« n»n ON ttansmission gates 308. 3 10 and apply d» UCUC, DCUC si^s to the UP, DN 

15 inputs of tiie counter 306. 

From Step 402, the process proceeds to step 404 and die control crrcmt 316 
^ tt,e selected memory cell 102 corresponding to «,e resistance RSC. In accessmg 
.he selected m«nory ceU 102, Ure control circuit 3,6 controls the MRAM array 100 (Figure 
t) as previously describ«J te develop the sense voltage SV on dre bit line BL3. As 
20 pr^iously discussed, the sense voltage SV has a ™lue d^ermined by dre resistance RSC, 
which corresponds to flte dau stored in die selected memory ceU .02. Note dr.. a. dns 
poin. i. is unknown whether the selected memory cell 102 repres«.ttd by d« resistence 
RSc'steres a logic 1 or logic 0. The sense «npUf.er 302 receives ttre sense voluge SV and 
pulses eid«r die UCUC or DCLK signal depending on dre value of dre sense voltage SV. 
25 As previously described, if U« sense voluge SV is greater dran a dueshold voluge dre 
sense amplifier 302 pulses dre UCUC signal. «.d if tire sense volfage is less dran d» 
toeshold voltage d,e sense amplifier pulses dre DCUC signal. Each UCUC signal pulse rs 
appUed tough d« ttansmission ga.e 308 .o dre UP inpu. of tt» counter 306. incrementing 
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U,e SCNT coun, respo^ive .o each such pulsc. Each DCUC signal puis, is appUed fl^u^ 
,he U^^on gate 3108 . tt» DN i»pu. of ^ counter 306. which deoements «.e 
SCNT count responsive to each such pulse. , , .. ,t 

Tl„ read circuit 300 continues operating in step 404 for the .me 2T, a. 
5 which time the SCNT count generated by the counter 306 has a vahte that differs fto„ the 
initial valuelVbythenetofthenu^berotUCLKsignalputo receive andthenutnb^of 

^XKsi^pulsesreceiv. ^or exarnple, when a. ogic 1 is stored h, the sel«te^n>«.^ 

cen 102. the ^ antpUfier 302 n>a, generate 25. UCUC signal ^« ^ 

signal pulses during each timeT. Thus, after each tim.T.,hene.of,heUCLK and DCUC 

0 Zl pulses causes the counter 306 to increntcn. the SCKT count by 2 (251 up pul^ 
n:us24,do»npu.sese<,ualsanetof2uppiuses, h, this si^on. after dte «n.^T * 

counter 306 as incren.«.ted the initial value of the SCKT count by 4 to IV^. To 

• .w wt,™ a lode 0 is stored in the selected memory ceu 
illustrate another example, assume that when a logic 

,02. the s^tse amphfier 302 generates 245 UCUC signal pulses and 255 DCIX s g»I 
,5 pulses each «meT. h. this sihrarion. after each time T the counter 306 d«=reme.^ 
Sa^countbylO(245uppulsesmi.us255do™pu.ese<,ua.anetoflOdownpu,-, 

thus after the time 2T the counter as dec^ented the SCNT count ft»n the nu.,1 
value IV to the value IV.20. Note that in this example, the number of UCUC srgnal puUes 
is greater v^e. th. sel.c.«l memory cdl 102 stores a logic 1 than when the cel. stores a 
^0 So because the sense voltage SV is greater m the ftmner sih^tion. as prevonsiy 

discussed. - . 

After the time 2T. the ptocess proceeds to step 406 and control ctrcu.. 

3,6 drives the EN signal inactive, disablmg the sense amp.ifier 302 so that the cou^e. 306 
maintains the SCNT count « v..ue generated after the time 2T. which was IV.4 m m 
^S caseofalogic.bei.Ss.nsedin.heexamp.se.forih.bove.At.hispo,n.the»^^^ 

circuit 3.6 also drives the REV signal active low. tunung OFF tr.nsm.ss.on gat^ 308. 
3,0andtumingON— ongates312.314. As. result, the UCUC sign. P^« 
now appUed to the DN input of the counter 306 and «.e DCUC signal pulses appU^ <o the 
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^ input Fron. step 406 .he process proceeds «. s.ep 408 and d» con.™, crc. ^ 
^er^ ^ oon^o. si^U 3.S .o w..e a .o,c . in.0 .he ^^^^^ '^'^'^^ 

by *e resUUnce RSC. As previously menHoned, tt.e res««nce RSC has 
value of approximately 1 Megahom when Storing a logic 1. 

After Storing a logic 1 in ^ selectod memory cell 102, d>e process goes to 
..ep 4.0 and .he con«o. circui. 3.6 activates *e BN signa. to enable ^ sense ampUfier 
m lire sense amplifier 302 hereafter opera.es as previously described to generate *e 
UCUC and DOX signal pulses in response to ti,e sense voUage SV corresponding to me 

"ogic 1 no. Stored in ^ selected memory cell 102. No.e .ha. .he aCive 
.0 Iesti.eswitehingciroui.304toapplyti«UCUCandDCUCsi^pulsesto«.eDNand 

UP inpu.. respeCively, of me co„n.er 306. which is tire reverse of me prror srUra^on 
a„,ngliniaalsensingtime2T. The con.ro. eircui. 3.6 main.ains me EN s,^ acUve 
for m! time T. and mus me sense amplifier 302 de.ec« .he sense vol.age SV corresponmng 
,0 ti.e known logic 1 in me selected memory cell 102 and gencra,es me cornspondmg 

15 UCLK and DCLK signal puUes for me time T. 

Because me UCUC and DCUC signal pulses are appUed to opposite mpute 
ON UP of me counter 306. me comKer decremen.s me value of me SCNT conn, in 
^ . each UCLK signal pulse and increment me value of me SCNT counU. 

eacbDOXpuUe. AS aresul.. me counter 306 adjusts me value of meSmr 

20 co»n.afterm.timeTto,emoveaporti»rofmene.cun.ma.wouldhavebeenmcludedm 

fte SCNT coun. if a logic . was b«^ sensed during me initial time 2T. h. me example 
described above, after each time T me SCNT coun. is incremented by 2 if a lo^c 1 was 
^ in m. selected memory cell 102 to a value after me mne 2T. Thus, after me 
T wim Ute counter 306 operating in me reverse direction, me cou„.er 306 wrU tave 
25 dc«rementedm.SCKTco«n.by2, The counter 306 mus decremenls me SCKT coun. by2 
after each time T instead of incrementing ti» coun. by 2 due to me UCLK and DCLK 
signal pulses being appUed to opposite mpuls DN. UP of me coun.er. Note m.. .f m. 
^taown dau bit Stored in me selected memory cel. .02 during me initial time 2T was a 
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f o QPNT count bv 2 after the time T with 
logic 0, the counter 306 nonetheless decrements the SCNT comt By 

the counter operating in the reverse direction. ...HmeT 
After me ^ amplifier 302 has sensed the taovm logrc 1 for .he tm,e T. 
.he process goes to step 4.2 and Are control circuit 316 drives the EN signal mactive. 
, :::g:esenseamplifier302sotha..hecounter306m.h.t^.eSm^ 

L gLted a. the end of the las. «me T. A. this poim. the control c«cm. 3. 
value gciici nrocess oroceeds to step 414 and 

^.heREV.signalactive.ow.Promstep Umep^^^^^^^^ 

.,ccontro.ci.cui.3,6gene.a.es«.e.ntro.s^sJS.™^^^^^^ ^ 

memory cell 102 represented by the resistance RSC. As pre y 
,0 resistanceRSChasav.uepfapproxhnately..megahomswhenstormgalo^cO^^^ 

spring a logic 0 in the selected memory cel. 102, the process goes to step 4. and ^e 

IJ, Circuit 3.6 once again aCivates the BH si^l to enahle .e sen. 
^osenscampUfier3<..hereaaeroperatesasprevious,ydesc„hed.og»erate^U^^ 

3^ DCLK signal puUes in response to the sense voltage SV correspondmg to the logtc 0 

, rws.o,edinlse.ectedmemor,ce..l02. ---=^-7;^^ 
^esU.eswi.hingc^ui.304toapply.heUCIi.andDCIKs.gna.pu^.o...DNa^^ 

W inputs, respecavely, of the counter 306. «hich orKe again cause counter 306 «. 
^.:revLofthe<^cnd..gthei..t,alse..ing.ime2T. The^^ «r^^ 

3 6 one maint^ns me EN si^ active tor the time T, and thus the sense amphfier 3^ 
,0 dLthesensevoltageSVcorrespondingtoti^^^lo^cOinthesel.^^^^^^ 

l«,02andgenerates.hecorrespondingUCUCand.X;iXsign.pulsesfor,hetinre^T^^ 
Because the UCLK and DCUC sig.«l pulses are one. agan appUed to 

opposite inputs DN. UP of tire comrter 306. the counter adiusts the va.» of *e SO^T 

L to remove a portion of the net count that wou.d have heen mCuded ^ the SO^ 
25 count if a logic 0 was being sensed during the initial time 2T. In the example de crrb^ 

::.afterlhtimeTtireSCKrcoun.isdecr««cn..dby.Oif.logic0..sst^redmm 

Lect^memotyceinoX after the thn. T with ti» co™^3<Ki ope^tin^^ 
reverse dir^tion. the counter 306 wi.l have incremented ti« SCKT conn, by .0. The 
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.nK the SCNT count by 10 after each time T instead of 

t .ten 418 and the control circuit 316 drives the EN signal inactive. 
5 the process goes to step 418 ana me ou 

Hfipr W so that the counter 306 maintains the SCNT count at me 

disabling the sense amplifier 302 so mai urc v 

J. ,„ , loric state of the data iniUally stored in the selectea 
n.. icm count conesponds to a logic siaie ui 

the SCN 1 cotuB F .... ... woR is a logic 1, the selected memory 

-.11 \tf> Thus if the most sigmficant bit ms>b is a log"^ ■ 
memory celim Thus 4,, significant bit MSB is a logic 

10 cein02 initially st»ed ma logic 1. conversely, If t J ^le 
0 the selected memory cell 102 initially storrf a logic 0. The counter J 
L signifieant bit MSB as the output of the read circuit 300. From step 418 the pro^ 
Z «0 and the control circuit 3. determines whether the most sigmfic.. b 

Z Z SCKT count e,uals a .o.c 0, which hidicates die select, m^rc. e. 

15 inidallystor^alogicO. ^^-^^'^'^''^7 l^JZ^^^^- 
Obecause the control oircuitSlSwroteaiogicOtotbeselec^m^n^^.-^^ 

AS a result if the selec.«i memory cell 102 initiaUy stored a logic 0, the proces pr«e 
::lliytos.ep.22andtermh.tess.ce.hese,ec«dmemo.ceUp™p^^ 
, ■ „ to contrast if the control circuit 316 determines fte most sigmficant brt MSB of 
topcO. ''~»^';* „«^„tt.eselectedmemorycellinitiallystor.dalog.c 
20 the SCOT count equals a logic 1, mearang me , , ,„ .elected 

, the process goes .0 step 424 and the control circuit n^ts a logic ' « "^^ 
„emo.; cento restore fire cen«> its proper inifial 10,0 state. From step 424. theprocess 

♦v.o« ariPQ to steo 422 and terminates. 

tereadcircuitSOOsensesan — bitstoredinaselectedmemo^ 

25 ,02ibra«me2T«.dgenera.esacorrespondingSCKTcoun.. The SCNT count g«.era.ed 
Iir'2Twi.lL.«ni<,uevaluedependingonwhether.hese,ectedmemoryceU 
rf,erthefime 2T™ toe 2T, fire value of the SCNT count is twtce 

102 stores a logic 1 or a logic 0. Afler tne urn 

.hat fire value would havebeen after thefimeT.wiU,fi..prec.s.valueoffi« SCNT count 
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«,esel«.«.me™o.,«Ul0a>e«^ ^^^^^^^^^^ 

«l««d memory cell 102. To prov. 
^ circuit 300, an example will now be tenssed wft reference U. 

) below. 




Table 1 illustrates the SCNT counts ge««.ed by counter 306 in .he read 
T ,„i,«h>r a looc 1 and 0 stored in the selected memory 
,5 circuit 300 after respeotwe trmes T whether a logic 1 ^ 
oe,U02 have the specified characteristics. ^P'''^'""''' " * ' 
Table . when the selected memory cell .02 stores a logic 1 the sense amphfier 3^ 
:l«2SlUC.si^P»--2..X^.S^^^^^^^ 
.„.oresa.o.c0.e«n«™p,i^^^^ 

r:r::«^-.o.cs..o..ebi.s^..e.-mem«, 
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. ■ The next column to the right represents the btnary values of 

eell 102 that is being sensed. Thenextc ^^^,„,„,«„^^ponding 
fteSCNT count, andthe far rigjtt column represents the dectmalv 

binary SCNT count ^sCNTcountU initially set to a binary valueof 

AS illustrated .n Table 1. the SCK ^„ ^^^^ a,. bit 

, .0000^, wbich rT ^ralo^c 1 intheexampleof 

::r::rcr::z::of— 00.-.V..31.. ^ 
— ^.r::tr~r:;r «.ch.co„^^^ 

10 reversed as indicated m Table l.wmc p a faiown logic 1 is stored in the 

• . fh^RFV* signal, as previously descnbed. Aloiowniogi^ 
316 activates the REV signal, v .^th^timeT After the time T, the 

11 1 M at this ooint and then sensed for the time i . Ancr 

this time T, the b^-n iva^iu unknown bit 

Atthis point, .h. MSB bit of the SCNT count rndtcates the logtc state 

described with reference to Table 2 set forth below. 
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Time 
Start 



Sensed Bit 



Switch UP and DN 



Unknown "0" 



Unknown "0" 



Known 



"A" 



Counter Bits 
1000000000 
0111110110 



0111101100 



Decimal Value 
512 



502 



492 



0111101010 



490 



500 



Table 2 ^ SCKT counts g^nera.^ by oo«n« 306 in 4e read 

, • .U 300 after restive «mes T whe«« a .o^o . and 0 stored in «,e se.ec.ed memory 
5 circuit 300 aner respw-u examole illustrated in 

- - - - .eoiaed — r.^ ^^Z^lZ^^ Z a^pU^er 30. 
i~an,,iaer.enera.es.45UaXsisn. 

,/"^^°"lL«a.d.Ta.,e..= SCKTco...i»i«..y».-;---^^ 

stored in the selected memory cell 102 tor tnenmc , . , , . cno After 

siorcu 111 u f Ai 1 1 1 1 nil 0 or decimal value 502. Alter 

- ^::t3T«^:Sir<,,«r.«onof*ecoun«306is 
20 onn01100»ul.deama. value of 492. . ' ^ ^ oUc„i, 

^ers«l«indica««'i«T*le 2. which corresponds «.tt.epo«.t at wh.0 
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316 activates the REV signal, as previously described. A kno™ logic 1 is stored ra the 
selected men»ry cell 102 at this point and then sensed for the titne T. After the time T. the 
SCNT count has the binary value of 0111101010 corresponding to 490 decimal. At thts 
point, a kno™ logic 0 is stored in the selects! memory cell 102 and is sensed for the tune 
T After this time T. the SCNT count has .he binary value 0111110100 which equals 500 
decimal At this point, the MSB bit of the SCNT count indicates the logic state of the 
urimown bit storrf in the selected memory cell 102, which equalsalogicOin this example. 

As iUustrated by the examples of Tables 1 and 2, the MSB bit of the SCOT 
count equals a logic state of the unknown bit stored in the selected memory cell 102. This 
can be under^d by realiring that when the SCNT count is set to the initial value IV of 
1000000000. the net of the UCLK and DCLK signal pulses applied to the counter 306 m 
both the normal and reverse modes ot operation results in this initial vatae bemg 
tocr^rent^l when the selected memory cell 102 stores a logic 1. As a result, the MSB brt 
of the SCNT comit wiB remain a logic 1 in this situation, to contrast, when the SCNT 
count is set to the initial value IV of 1000000000. the net of the UCUC and DCLK signal 
pdses applied to the counter 306 in both the normal and reverse modes of operatton results 
in this initial value being decremented when the selected memory cell 102 stores a logtc 0. 
Acconlingly. when the initial value IV is decremented, the MSB bit changes to a logtc 0 

and thus conectly indicates the data bit stored in the selected memory cell 102. 
) The operation ofthe read circuit 300 may altenately be understood m the 

foUowmg terms. Assume that a logic 1 results in a net increase of the SCKT count by a 
value of X when sensed over a time T. and that a logic 0 results in a net change Y when 
sens«l over the time T. where Y may be a net inotease or decrease but where Y is less than 
X to this situation, if the SCNT count has the mitial value IV. then after 2T the SCOT 
■5 count wUl have . value of either IV+2X or IVWY, depending on whether the sensed btt rs a 
logic 1 or 0. If the vdues X and Y are then subtracted fiom the either IV+2X or IV+2Y, 
then a Bnal value of the SCNT count will equal either a first final vahie FV1-IV+2X.X- 
Yor a secomi final value FV2=IV«Y.X.Y. The first final vah,. FV1=IV*Y. mi smce 
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, , . . , ;^ 1 CPNT count will have the 

the MSB bit being a 1. then the MSB bvt will eq , . y>Y then FV2<IV 

, /. 1 W7=TV+Y-X. and since X>Y then rvz^iv. 
FVl Conversely, the second final value FV2 IV+Y X. , ,pv2 which is 

■ 1 ^.n the SCNT count will have the value FV2, which IS 

K /nt fFi^eS whenaselectedmemorycelimstoresalogicl.the value 
in the embodiment of Figure 3, when ^ 
in fth. SCNT count represents a logic Ibemg sensed for the tune 21. wm 
10 of the SCNT count p . ^ a logic 1 includes more UCLK signal pulses 

too™ log.c 0.8 sensed, m . , , SCNT oomt is greater th. 

the data bit stored in a selected memory cell 102. 
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read circuit 300 generate, the single MSB bit of the SCNT cotmt to 
inaioato the logic state of data stored in a selected -nentory cell .02. With the r«d citcutt 
Z L is ' need to con^are multiple K-hi. count value, to read data stored a 
.elected nten,or, cell 102. Moreover, with .e toad c.c.t 300, '--^--^^ 
5 refe^nce count RCNT, which will vary among seloct^d m«nory cells 102. Ins,^ ^ 
rci.o„it300uti,izesacn^countva.uesfora.nownalogic,andlogic0s.oredn.* 

X.edn.en.o.ycell.02indetecU„galog.cstateofan„n^ownbi.stored.nthese,«t^ 

^ cell. This elinUna.es the need for a reference count that ^ust he used wtth 
:lpLlectedn.enK..yce„s.02eventho„ghtheprecisec„untscorrespond»gtoa.og,c 

,0 Tand a lo^c 0 vary among the memory cells, which h,.n>duces utKCrtainty tn detenmrnng 
10 I and a logic u y b , . , , 0 as will be appreciated by those 

whether a given memory cell stores a logic 1 or a logic 0, as will app 

^skilled in the art. 

FiguK 5 is a simpUfled block diagram of a ma^etic random access memory 
(MRAM) 500 including the read circmt 3<K, of Figure 3 contained in a t^d/wnte circm. 
,5 rrereadMri»circuit502i.oo„p.«d.oaresistivememory-cenarray,wh,ch,ssho™ 

.theMKAMarray.00ofPigure.,andopera.esd„ringwrit.opera«onsto^f.2 
on a data bus DATA to addressed memory cells .02 in the MRAM array. Durm^ ^ 

op^ations. the read ci^uit 3(K. operates as previously describe, to rea^ d^ 1^ 
less.d»«noryce«ain.heMRAM»r.ylOO,a.d.he read/write Circuit 502 places*. 

,0 2dataonto.hedaUhusnATAT.»readM.itecircuit502alsoincl„des«.ecn.,^ 
fortr,nsf«ringataownlogic.and0t«se,ect«.memoryce,ls.02durmgre.doperat,o„s, 

3spreviouslydisc»ssedwi.hrefere„cetother.adcirc«it300ofFig»re3. 

The MRAM 500 further includes an address decoder 504 that recetves 
.aaresses..omex.crnalcircuit.y(notshown),suchasaprocessorormemoryco„^^^^^^^^ 
25 an address bus ADDR. in res^nse to the received addresses, me address decode^ 
docodestheaddressesandappUesdecodedaddresssignaUtoaccessoorrcspondm^^^^ 
memo.yce.lsintheMRAMa,raylOO.Acontrolci.c«i.506app«.s.p.u.ah,yofco.^ 
.i^508U>contro..heMRAMarray.00,addressdecoder504a«dreadMr,tecnc«..5« 
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^n, opc^tion of U,e MRAM 500. The co„»>. oircui. 3.6 <fi^ 3) oi^. ^ r^ 
L! 300 »ay ^ eonUU,^. in the en.™, Ceu. 506, »d «.us con.. U.^ 50S 
„„y inolude tt« REV. EN, RST, and signals 318 diseuss^ -f-nce ,0 F.gure 3 

,„ operation, U« e.«nal oi.»i«y provides «id«ss, oo.«o,, and data 
5 si^,od,eMRAM500over*erespeetiveADDR.CONT.andDATAb„ss«. Duringa 

U.e ex.e»a. « provides .e.„. Mdresses on *e ADDR hns eon«, 
ZaUond»COKrh.,andda.on.heDATAhns..response«0.econ«o,.g^s 

reon.,ci.uii506gene.eseon..U.i^50S.ino...g*em^^ 

10 decoder 504 decodes the memory address on the ADDR bus and provio 

lU aecoaer3i« .k. mr AM array 100. The read/wnte 

signals to select the corresponding memory cells m the MRAM array lOU 

. .■, niTA hiis and applies the wnte data to the 

circuitry 504 receives write data on the DATA bus, and app 

MRAM array 100 to store the data in the selected memory cells. 

D^ing a read cycle, the eternal circuitry provides a memory address on th^ 

,5 ADDR bus and control sign^s on the COKTb.. °- — '"^"""^ 
sisals .hecontr„.circuit506 generatescon.ro,ssignals508tocontr„..heMRAMa.xay 

: addressdecoder504,andrea.writecircuitry504. M response to the memory add^ 
address decMcr 504 provides decoded address signals to access t^e c«r^ 
lory cells in the array m T,« read/writ, circuitry 504 provides data stored mj^ 
.0 ^drelmemorycemontothcDATAbustobereadbytheextemalc.rcu.t. Onesl^ll^ 
;rartwil.u„Ltandcircuitry.r.rmh,gtheaddressdecoder504,readMrr.^^^^^^ 
504. and control circuit 506, and thus, for the sake of brevity, these components are not 
^'""'"::r;on,y«,es^earrayl00isshownintheMRAM500,thoMRAM 

25 may include a plurality of arrays, and may also include additional components not 
:ited in P.^e 5. as .iU be appreciated by those s^Ued in the art. Moreov^^ 

piously mentioned. theMRAM 500 c«,inchrde».y.yp.ofr.s.st.vemem«y^n^ 

LuthLotlimitedtoitKludiogMRAM arrays. In the MRAM 5CK,. the read ctrcut. 300 
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. Show, as inCude. in a.e read/wKte Cool. 502, .u. one sH.ed » - 

po^o. of ^ ^ ciroui, could be include in «>e other oon,po„e„.s of «>e MRAM. Fo 

Lple, ^ con«o. ci^uit 3.6 (Figure 3) of d.e read eiroui. 300 could be .nOuded ,n .he 

control circuit 506 ot the MRAM 500. 
, Pi^e 6 is a bloc, diagram of a contputer system 600 ineludmg computer 

„ 602 that contains the MRAM 5(K, of Figure 5. ^ computer circuitry 602 
various compuHng amcUons. such as ex^uting specific soft«re to perform 

specific calculaticns or taslcs, m addition. tl« computer system m includes oneor mo. 
Iputdevices604.suchasa.eyboardoramouse.coupled.o.hecomput.c.rcu>try602. 

,0 a. ow an operator to interface with the computer system. Typically, the comput.^^ 
,00 also includes one or more output devices 606 coupled to the computer crcmtn, ^ 
such output devices typicaUy being a printer or video display One or more data ^ 
aevicesSOSarealsotypicallycoupledtothecomputer Circuitry 602.ostored.aorr«ne^ 

aau ftom external storage media (not shown). Examples of typical storage devtces 60B 
,5 include hard and floppy dis^, .ape cassettes, compact disc readonly memones (CD- 
:L>, read-write CO ROMS (C..RW), and digital Video discs (OV.^ Mor^ 

^ongh the MRAM 500 is shown as being part of the computer ctrcurtry 60 , the MR^ 
^a,!beused,s.da.astoragedevice608since,aspreviouslydescribed.thenonvo.^.e 

„a«« and speed ot the MRAM make it an a«ractiv. alternative to other storage medra 

20 devices such as hard disks. 

Even though various embodiments and advantages of the present mv««,on 
have been set forth in the foregoing description, the above disclosure is illusive o,^ 
^ changes may b. made in detail and yet remain within the broad pnnctples of 
inv«>tion. -nterefore, the present invenUon is to be limited only by the appended clauns. 
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CLAIMS 

I . A method of sensing data stored in a selected resistive memory cell, 

the method comprising: 

generating a first count representing the logic state of an unknown 

initial data bit stored in the selected memory cell; 

generating a second count representing a data bit havmg a first 

known logic state stored in the selected memory cell; 

generating a third count representing a data bit havmg a second 

known logic state stored in the selected memory cell; and 

determining the logic state of the unknown initial data bit stored m 

the selected memory cell from the first, second, and third counts. 

2. The method of claim 1 wherein the operations of generatmg each 

comprise: „ , 

applymg a current through the selected resistive memory cell and 

sensing the voltage developed responsive to the appUed current; 

generating a pluraUty of up count signals and down count signals 

responsive to the sensed voltage; and 

adjustmg the count responsive to the up count and down count 

signals. 

3 The method of data l«h«remdetennming the logic state of the 
™k.owntatial d.ta«tsto:edintheseleeted.nemo^oenfh,n, the first, second, and^ 
counts comprises subtracting the second and third counts from the first count to generate a 
final count. 
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4. m mcO-od of cto 3 fimher comprising detaining 0,. «nk«.«n 
logic state ftom a most signifioant bit of the final count. 

5. Themethodofclaim 1 wherein the resistive m«non- cell comprises 
an MRAM memory cell. 

e. The method of claim 1 wherein the firs, icnow. logic state comprises 
alogic 1 and the secondlcnown logic state comprisesalogicO. 

7 The method of claim 6 wh«ein the second count representing a data 
hithaving the first^owniogic state is greater than the thiMcountrcpresentingadataW 

having the second known logic state. 

8 The medKKl of claim 1 whaein the firs, count is generated over a 
O^cperiod^TandthesecondandthirdcounUareeachgeneratodoveratimeperirKlT. 

, The metfrod of claim 1 wherein generating a firs, count representing 
fl.elogicsta.cofan.u,too™iniUa.da.hi.s.oredind.eselectedmemo.yceU«m^^ 

12ng an int«im count representing the logic state of the unknown mrha. da» b, 
n:irselectedmemor,ceUovera.h.eT.and.herea«erdoub,ing.em.enmcount 

to generate the first count. 

10. A method of sensing data stored in a seleC^i resistive memory ceU. 
the m.^ comprish.^ ^ ^ ^ „ ^ 

aata bit having an unknown logic state; ^ „f u,e initial data hit 

generatmg a count represenung uw wb* 
^„sive.othe„perationofsensing.thecoun.h.ving.mos.significntbit; 
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transferring a data bit having a first known logic state into the 

selected memory cell; 

sensing the data bit having the known first logic state; 

adjusting the count responsive to sensing of the data bit having the 

first known logic state; jntn the 

transferring a data bit having a second known logic state mto the 

selected memory cell; 

sensmg the data bit having the second known logic state; 

adjusting the count responsive to sensing of the data bit having the 

second known logic state; and , . . . • 

detennimng fte unknown logic ^ of fte Wtial da« b,. sWcd m 



the selected memory 



cell from the most significant bit of the count. 



11 THe method of claim 10 wherein the operations of sensing comprise 
applying a current throu^ the selected resistive memory cell and sensing the voltage 
developed responsive to the appUed current 

12 THe method of claim U wherein the operations of sensing fiurther 
comprise generating a pluraUty of up count signals and down count signals responsive to 
the sensed voltage. 

13 The method of claim 12 wherein the opeoSons of adjusting the 
count comprise incrementing the count responsive to each up count signal and 
decrementingthecountresponsivcoeachdown count si^ during thehme2T. 

14 The method of claim 13 wherein the operations of adjusting the 
count comprise dcoementing the count responsive to e«=h up «»m. signd and 



27 



i_«n.*eoo„n.respo..veU>eaohaow„c<,™>tsig.ald„rt„gse.ingU..bi.^ 

the first and second known logic slates. 

15 The method of claim 10 wherein determining the unknown logic 
^te or the inidal daU bi. stored in the selected memory cell fiom the most si^fican. b,. 
rJcoun. comprises determinh>s the unknown ,o,c state equals the logtc state of .he 

most significant bit. 

16. me method of claim 10 wherein the resistive memory cell comprises 
an MRAM memory cell. 

,7. The method of claim 10 wherein the first known logic state 
compris«alogic 1 and the second known logic state comprises a logic 0. 

,8 me method of claim 10 wherein generating a coont representing the 
.o^ost^eoftheinifia. data bi.responsive.0 the operationofsensingincludesse^^^^ 
lt.oani.itialvalueandadiusting«>eva,ueof.hecom,.responslvet„«.eopera^^^ 

sensing. 

,9 ThemethodofclaimlOwhereinthefirstoperationotsensingoccurs 
foratime2T and wherein me second andtfmdoperatio..«.choccurfor..imeT, 

20. A method of sensing data stored in a selected resistive memory cell, 

the method comprising: 

setting a count value to an initial value; 

generating a first count representing the logic state of an unknown 
initial data bit stored in the selected memory cell; 
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cansferring a data bi. having a firs, known logic sU« into tt.. 

selected memory cell; . . 

gen«ating a second count representing me first known logtc sUte of 

the data bit stored in the selected memory cell; 

transferring a data bi. having a second known logtc state mto the 

selected memory cell; . * 4.^ 

generating a third count representing the second known logte suae of 

thedalabitstoredintheselectedmemorycell; 

subtracting the second and third counts from the first count to obtain 

afmaicount^aud i.,tia, data hit stored in 

the selected memory cell from the final count. 

21. The method of claim 20 wherein each of the operations of generating 

comprises: . 

applying a current through the selected resistive memory cell, 

sensing the voltage developed responsive to the appUed current; 

generating a plurality of up count signals and down count signals 

responsive to the sensed voltage; and 

adjusting the corresponding count responsive to the up count and 

down count signals. 

22 The method of claim 20 wherein determining the logic state of to 
^ initial data hi. stored in the selected memory eel, fiom the final count eompnses 
det^miningtiteunknownlogic state fromamos.significan.bi.ofthe final count 

23. Tl,eme.hodofcUam20wherein.heresistivememorycellcomprises 
an MRAM memory cell. 
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24 TT.. method of claim 20 wherein U>e first tao,vn logic state 
oomprisesalogielandthes^ndknownlogiostateeomprisesalogicO. 

25. The method ofclaim 24 ,»herein the secor-d count is greater than the 

third count. 

26 The method of claim 20 wherrin me firs, count is generated over a 
toeperiod2Ta»ithe second ^.dthirdcountsareeach generated overatimepenodT. 

27 •n,eMethodofclaim20«hereingeneratingafirstcou„treprese„ting 
logic state of an ur^own initial data hit stored in the selected memory ceU con,n^ 

Irerlg an interim count representing the logic state of the urtaown tmha. data ht 
rrinleselec.edmemor.eelloveratimeT.andthe^fierdouh..ngthemtenmco„n. 

to generate the first count. 

28. A method of sensing data stored in a selected resistive memory ceU, 

the method comprising: j .h, elected 

generating a repr^entation of an initial data bit stored m the selected 

memorycell,theinitialdatabithavinganunknownlogicstate; 

g«,era«ng representations of a data hits having first and second 

taov»nlogicstatessto.edintheselectedmemoryceU;and 

determining the logic state of the initial data hit fiom the generated 

representations. 

29 TTie method of claim 28 wherein each of the repres«,tttions 
eomprisesadi^talcount that representsthe logic state ofthecorrespondingdatahrt. 
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30 Krc^ ci^ui. tor sensing «>e lo^c s«c of a da.a bi. s»«d in a 
.i.« ^ * — , _ . ... 

„.3ave n.en,o. ceU, «.c sense an^Ufie. ope«b.e . .ene.a.e np an. down Coc^S 

— '"trJtr.n. . „P in., ana a ^ ^ ^ 

■ ,„.MnrVinssienal applied on the up input and 

u. tn increment a count responsive to a clocBng signa. 
operable to increment .^^^ 

operable to decrement the count responsive to a dodong signa 

a switching cireuit coupl^i between the sense amplifier and ttie 
_ a. .ing adapted to receive a ^^1:^^ 

ri::Zrr:e«:.rolsigna.bc.gacave,oapp.,dienp.ddownc.oc^ 
:Srthese..amplifi«.o.hedownandupinpu.s,respective..ofthe»^^^ 

31 TT^ereadcircuitofclaimSOwhereintheswitchingcireuitcomprises: 
afirstpairofttansmissiongatescoopledbetwe«.thesens.«nphfi« 
^U^i^anddowninputsofthecounter^efirstpairottran^ssiongat^a^lym^^ 
; ; L Coc^ Signals U. the up «.d down inputs, respective., when the control 
,^.h»otive;and ^ ^ ^ the sense 

, „ »d the UP and down inputs of the count«, the s«ond pair of transmission gates 
amplifier and the up and down ^ 
applying the down and up doctang signals to the up ana 

the control signal is active. 

32 The read circuit of cl»m 30 further comprising a control cireuit 
coupled to the sense amplifier, counter, and switching cireui. and operable to apply an 
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ur.^r in enable generation of the clocking signals by the 
enable signal to the sense amphfier to enable gencwu 

r Jufi. » a ^se. ..a, .„ eoun.. .0 .ese. value 0. ^ ^^^J 
M« value, and. app^*eco«.«.lsig»-.oU.eswi.hi„.d™.,.a.dope„Me.oco„«o. 

fte logic sute of a data bit stored i« the sel«=ted memory cell. 

33 A read circuit for sensing the logic state of a data bit ,tor»i in a 
^istive memory cen. the r«i circuit ad^ted to r«eive a sense voltage ftom a selected 
Xe memo^ cell, and the read ci.ui. operable in a first mode to detect a first s««e 
XcorresJudingtoanun^o^losicstateandtogenerateanN-bitcountres^^^^^^^ 

th dctecti first se.^ voltag. operable . a second mode to detect a second sens 
Itagecc^espondingtoafiratlmownlogic state andtoadjusttbeconntresponsrvet^^e 

^dsecoLnsovoltagcanaoperableinathirdmodetodetectathirdsensevoltag 
trresponding to a second known logic state and to adjust d.e count respon^ve «. the 
3 tbir! sense voltage, with a single bit of the H-bit count a«er the thnd m<.e 
representing the unknown logic state to the first sense voltage. 

34 The read circuit of claim 33 wherein the data circuit operates in the 
arst mc^ for a time 2T and Wherein the data circuit operates in each of the second and 

tiiird times for a time T. 

35 The read circuit of claim 33 wherein the most significant bit of the 
N.hit count after the third mode represenU «.e logic state of the h^tial data brt 
corresponding to the fust sense voltage. 

36 The read circuit of claim 35 wherein the logic state of the most 
bi. cuals the logic state of the initial data bit corresponding .0 the first sense 

voltage. 
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37 The read eircmt of claim 33 wherein the data circuit generates a 
plurality of ^ count signals and down count signals duHng each ntode responsive to the 
respective sense voltages. 

38 The read cin=uit of claim 37 wherein the data circuit operates during 
fl,e first ntode to increment the count responsive to each up count signal and to decrement 
the count responsive to each down count signal. 

39 Ttie read circuit of claim 37 wherein the data circuit operates during 
the second and third modes, to decrement the count responsive to each up count si^l and 
to increment the count responsive to each down count signal. 

40. -me read circuit of claim 33 wherein the resistive memory cell 
comprises an MRAM memory cell. 

41 m read circuit of claim 33 wherein the read circuit sets the N-bit 
count to aninitialvalueofthe most significantbitbeingalogiclandallotherbi^^ 

logic 0 prior to operation in the first mode. 

42 THe read circuit of claim 33 further comprising a sense amplifier 
adapted to receive the sense voltages, a switching circuit coupled to the sense amplifier, 
and an up/down counter coupled to the switching circuit. 

43. A memory device, comprising: 
an address bus; 
a control bus; 
a data bus; 

an address decoder coupled to the address bus; 
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a read/write circuit coupled to the data bus; 
a control circuit coupled to the control bus; 
a memory-cell anay including a plurality of resistive memory cells. 

,. .f„r,»a.nd time and to adjust the count responsive 
„„de to detect a second sense voltage fo a ^ ^ , « ^ 

t« the detected second sense voltage, and operable m a tmra m 

titne and to adjust the count »ponsive to the det^ted thnd - 

:!I:«e.«.e.h^n.odeand.hes.,eMt,ep— the .osic state of a.»...a.data 

bit corresponding to the first sense voltage. 

A ■ «f riaitn 43 wherein the memory device 

44. The memory device of clarai 4:> wncic 

comprises an MRAM. 

45. The memory device of claim 43 wherein me first time equals 2T and 
wherein the second and third times each equal T. 

4« m memoty device of claim 43 wherdn the most sigmficant bit of 
^ K-hi. count after the third mode repres^ts the logic sute of .he initial data b.t 
corresponding to the first sense voltage. 
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47 The memory device of claim 46 wherein the logic state of the most 
si^ificant bit equals the logic state of the irutial data bit corresponding to the first sense 
voltage. 

48 The memoiy device of elaim 43 v*erein the read eiicuit sets the N- 
bi. count to an initial value of the most sigmfieant bit being a logic 1 and dl other bits 
being a logic 0 prior to operation in the first mode. 

49 The memory device of claim 43 wherein the read circuit further 
comprises a sense ampUfier adapted to r^ve the voltages, a switching circuit 
coupled to a>e sense amplifier,and an .^downcounter coupled to the switching c,n=u.t 

50. A computer system, comprising: 
a data input device; 
a data output device; 

a processor coupled to the data input and output devices; and 

device coupled to the processor, the memory device 



a memory 



comprising. 



an address bus; 
a control bus; 
a data bus; 

an address decoder coupled to the address bus; 

a read/write circuit coupled to the data bus; 

a control circuit coupled to the control bus; 

a memory-cell array including a plurality of resistive memory 
cells, the array being coupled to the address decoder, control circuit, and read/write circuit; 
and 
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a read circuit coupled to the memoiy-cell array aiKi tead^rate 
circuit for ^ Mo state of a data b,. stored iu a selected resistive memory cel. in 
^ array, the re»i circuit »iapt.d to receive a sense voitage f^m .he selected reststtve 
memory cell and op«ablc in a firs, mode to detect a first sense voltage for a first tmte and 
,0 generate an N-bi. count responsive to the detected fir« voltage, operable m a 
second mode to detect a second sense voltage for a second flm. atKi to adjust me cunt 
responsive to the detected second sense voltage, and operable in a third mode to d^t a 
Uurd voltage for a third dme and to adjust the count responsive to the detecte^ thnd 
se^e voltage, with the read circuit applying a single bit of the N-bit count to the rea^wnte 
circuit after the third mode a»l the single bit represeming the logic state of an mtual data 
bit corresponding to the first sense voltage. 

51. The computer system of claim 50 wherein the memory device 
comprises an MRAM. 

52. -nie computer system of claim 50 wherein the first tune equals 2T 
and wherein the second and third times each equal T. 

53 The computer system of claim 50 wherein the read circuit fiu^er 
comprises a sense amplifier, a switching circuit coupled to the sense amplifier, and an 
up/down counter coupled to the switching circuit. 

54. A read circuit for sensing the logic state of a data bit stored in a 
resistive memory cell, the read circuit comprising: 

sensing means for sensing a sense voltage from a selected resisUve 
memory cell and for generating up and down clocking signals responsive to the sense 
voltage; 
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counting means coupled to the sensing means for incrementing a 
count responsive to a first clocking si^l and for decrementing the count responsive to a 

second clocking signal; and 

switching means coupled to the sensing and counting means tor 

applying the up and down clocking si^s Son, the sensing means U> the counting means 

as the first and second clocking signals, respectively, when a control signal is inactive, and 

for applying the down and up clocking signals from the sensing means to the countmg 

nteans as the first and second clocking signals, respecUvely. when the control signal ts 

active. 

55 The read circuit of claim 54 wherem further comprising a control 
„eans coupled to the sensing, counting, and switching means for controlling the operation 
of the sensing, counting, and switching means and for connoUing the lo^c state of data 
contained in the selected resistive memory cell. 
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^^CT.>X .Hn MFTHO " "ATA STOBPn IN A RESISTIVE. 

,,,rHf^pYm,>.,:xiTTISINr.ONEBlTOF A mr.lTAT.COyNT 



ABSTRACT OF THE DISCLOSURE 

A method and system sense the logic state of an untao™ inidal data bit 
^ in a selected resistive memory cell. According to one method, a first count 
representing the logic state of me unknot initial data bit stored in the selected memon^ 
cell is generated. A second cotmt is then generated, and represents a data bit havmg a first 
known logic state stored in «.e selected memory ceU, A third cotmt is ttten generated, and 
represents a data bit having a second known logic state stored in the selected memory ceU, 
The logic state of the initial unknown data bit stored in the selected memory cell .s then 
determined fiom the first, second, and third counts. 
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